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A constant-quality rate control system and algorithm for mul-
tiple encoders with a single video source are disclosed. The
system comprises a base encoder, a region of iterest (ROI)
detector, and at least one ROI encoder. The base encoder
encodes a base video sequence which 1s a down-sampled
version of a video sequence and sends the base video
sequence to a multiplexer. The ROI detector extracts an ROI
video sequence from the original video sequence. The ROI
encoder encodes the ROI video sequence and sends it to the
multiplexer. The ROI encoder uses information obtained dur-
ing encoding of the base video sequence to improve the
encoding of the ROI video sequence. The information of the
base video sequence are used to better control the bit-rate and
the quality of the ROI video sequence.
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CONSTANT-QUALITY RATE CONTROL
SYSTEM AND ALGORITHM FOR REGIONS
OF INTEREST

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a constant-quality rate
control technique and, more particularly, to a constant-quality
rate control system and algorithm for regions of interest 1n a
single video source.

2. Description of Related Art

Bit rate control plays a very important role in video quality.
Control mechanisms are used to determine the data rate of
compressed video so that video streams can be successiully
delivered and the best video quality can be achieved.

According to the bit-rate characteristics of the compressed

video, rate control can be either constant bit-rate (CBR) or
variable bit-rate (VBR). CBR 1s widely used 1n digital A/V
applications that are constrained by constant channel band-
width such as digital television or video conferencing. How-
ever, because video signals are non-stationary in nature, it 1s
almost 1mpossible to achieve constant video quality with
CBR encoding. Alternatively, VBR 1s often used since it can
provide constant video quality.

There are many constant-quality rate control algorithms
that have been developed. Adaptive algorithms vary the quan-
tization step size according to characteristics or properties of
a video sequence. These algorithms however cannot guaran-
tee meeting storage size constraints. Two-pass algorithms
generate constant-quality video during the second pass of the
encoding process according to mnformation obtained in the
first pass.

However, while these algorithms can perform effectively
in certain applications, they cannot be used 1n real-time appli-
cations due to the computational complexity and two-pass
nature of the two-pass algorithm.

To solve the above problems, several single-pass constant-
quality rate control algorithms have been developed 1n which
the quantization parameter for a frame 1s selected according
to the statistics gathered from characteristics of previously
encoded frames.

Therefore, there 1s need for a constant-quality rate control
algorithm which provides optimal overall quality of a video
signal while meeting the bit-rate constraint.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a system for
constant-quality rate control of regions of interest that uses
multiple encoders with a single video source. The present
invention comprises a base encoder that encodes a down-
sampled full-sized version of an 1input video sequence and a
region of interest (ROI) encoder that encodes a region of
interest sequence of the input video at the original resolution.
Utilizing the relationship between the two independent
encoders, the algorithm of the present invention allocates the
bits for the ROI encoding according to information, for
example the distortion, obtained during encoding of the cor-
responding region 1n the base sequence. The algorithm of the
present mvention achieves significant reduction 1 1mage
quality variation.

Another object of the present mvention 1s to provide a
constant-quality rate control algorithm for multiple encoders
with a single video source, in which the quantization step size
1s used to calculate the image complexity.

15

20

25

30

35

40

45

50

55

60

65

2

The present invention also provides a constant-quality rate
control algorithm comprising: initial quantization parameter
(QP) determination, mean absolute difference (MAD) pre-
diction, remaining bits estimation, target bit allocation, and
QP determination.

The present invention provides a constant-quality rate con-
trol system using multiple encoders with a single video
source, which comprises a base encoder, a region of interest
(ROI) detector, and at least one ROI encoder. The base
encoder 1s used to encode a base sequence which 1s a down-
sampled version of the video sequence and send the encoded
base sequence to a multiplexer. The ROI detector 1s used to
extract an ROI video sequence. The ROI encoder 1s used to
encode the ROI video sequence according to information
provided by the base encoder, and output the encoded ROI

sequence to the multiplexer.

Because the ROI sequence and 1ts corresponding region in
the base sequence have similar content but at different reso-
lutions, information obtained through the encoding of the
base sequence 1s used to improve the encoding of the ROI
sequence. In the present invention, statistics of the base
sequence are used to better control the bit-rate and the quality
of the ROI sequence.

Regions of interest are often needed to be shown in more
detail. By employing a constant-quality encoding algorithm,
cach frame of the ROI sequence can be encoded at the same
quality level, avoiding unnecessarily high peak signal-to-
noise ration (PSNR) of the low-activity frames and saving
more bits for the high-activity frames.

Statistics of the base encoder collected during the encoding
of the base sequence are used to estimate how many bits are
needed for a frame 1n the ROI sequence to achieve constant
quality.

The present invention also provides a constant-quality rate
control algorithm for multiple encoders with a single video
source, which comprises the steps of: determining an 1nitial
quantization parameter; predicting the mean absolute differ-
ence (MAD) of a current frame 1n the ROI sequence from the
corresponding region in the base sequence; estimating the
number of remaining bits of the current frame according to
complexity of the frame; calculating the number of bits to
allocate to the current frame 1n order to make the quality of the
current frame similar to that of an immediately previous
frame; and determining an I frame quantization parameter
and a P frame quantization parameter in order to make the bit
rate of the video constant and enhance the frame quality.

BRIEF DESCRIPTION OF THE DRAWINGS

The various objects and advantages of the present inven-
tion will be more readily understood from the following
detalled description when read in conjunction with the
appended drawings, 1n which:

FIG. 1 1s a block diagram of a constant-quality rate control
system using multiple encoders with a single video source
according to an embodiment of the present invention;

FIG. 2 1s a flowchart of a constant-quality rate control
system using multiple encoders with a single video source
according to an embodiment of the present invention;

FIGS. 3a and 36 are graphs of average quantization param-
eter versus average bit number of each frame according to an
embodiment of the present invention;

FIG. 4 1s a graph of mean absolute difference (MAD)
versus Irames per second (Ips) of a CIF size and QCIF size
Forman sequence (N=300, M=1) encoded at 768 Kbps (CIF)
and 128 Kbps (QCIF) using JMS8.4; and
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FIG. 5 1s a graph of peak signal-to-noise ratio (PSNR)
versus frames per second (Ips) for an ROI sequence and a base
sequence transitioning from a low-activity scene to a high-
activity scene.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention provides a constant-quality rate con-
trol system and algorithm for multiple encoders with a single
video source. Statistics from a full-sized view base sequence
are used to improve the quality of the ROI sequence. In the
present invention the encoding complexity 1s reduced, and a
faster encoding algorithm 1s provided to achieve a smoother
and better signal-to-noise ratio (SNR).

As shown 1n FIG. 1, the constant-quality rate control sys-
tem for multiple encoders with a single video source of the
present invention utilizes a video source, for example a high-
resolution camera 10, a base encoder 12, an ROI detector 14,
at least one ROI encoder 16 and a multiplexer 18. In this
embodiment the video source comprises a video sequence
captured by a camera. In other embodiments of the present
invention the video source 1s a streaming video sequence, a
stored video sequence, a real-time video sequence, or a single
frame.

The camera 10 captures a full-sized view video sequence
and each frame of the video sequence 1s down-sampled hori-
zontally and vertically by a factor of two prior to being sent to
the base encoder 12. The base encoder 12 encodes the down-
sampled video sequence into a base sequence. Next, the base
sequence 1s sent to the multiplexer 18. Statistics obtained
during the encoding process of the base sequence are sent to
the ROI encoder 16. The camera 10 also sends the video
sequence to the ROI detector 14, which extracts an ROI
sequence from the video sequence. The ROI sequence 1s then
sent to the ROI encoder 16 which encodes the ROI sequence
at the original resolution. The output bit rate and the 1image
quality of the ROI sequence are controlled based on the sta-
tistics provided by the base encoder 12. The ROI sequence 1s
then sent to the multiplexer 18.

The ROI sequence and 1ts corresponding region in the base
sequence have similar content but at different resolutions. As
mentioned, the ROI sequence 1s extracted from the video
sequence by the ROI detector 14 and then encoded by the ROI
encoder 16. After the encoding of a current frame 1s finished,
the encoding process for the next frame 1s performed.
Through the correlation between the base sequence and the
ROI sequence, information obtained when encoding the base
sequence 1s used to enhance the encoding of the ROI
sequence.

As shown 1n FIG. 2, the constant-quality rate control algo-
rithm for multiple encoders with a single video source of the
present invention comprises the following steps:

Step S510:

Aninmitial quantization parameter 1s determined and an ROI
sequence 1s extracted from the video sequence according to
this mitial quantization parameter. In an embodiment of the
present invention, the initial quantization parameter QP 1s
obtained using the following equation:

QP,=axbpp” (1)

where bpp 1s the average bits per pixel 1n a frame and a and b
are parameters relating to the size of the frame, for example,
14 and -0.32 respectively for a CIF size sequence.

Refer to FIGS. 3a and 35, which are graphs of average
quantization parameter versus average bits per pixel curves of
twelve CIF sequences encoded at eight different bit-rates to
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test Equation (1). In FIG. 3a, the sequence contains no B
frame; while 1n FI1G. 35, there are two B frames between two
I or P frames 1n the sequence. As shown 1n FIGS. 34 and 35,
the 1in1tial quantization parameter obtained using Equation (1)
1s not restricted and an appropriate 1nitial quantization param-
cter can be selected according to the encoding setting.

Step S12:

In Step S12 a mean absolute difference (MAD) of a current
frame 1n the ROI sequence 1s predicted according to the
corresponding region in the base sequence.

H.264 adopts rate-distortion optimization (RDO) to opti-
mally select the mode and motion vectors. RDO needs the
quantization parameter in order to calculate the Lagrange
multiplier A and the number of bits required to encode the
frame. Different quantization parameters may result 1n dii-
ferent motion vectors and modes. Therefore, 1t 1s necessary to
determine the quantization parameter first by rate control.
However, the MAD between the original and the motion-
compensated block, which 1s needed to calculate the quanti-
zation parameter before RDO, 1s only available after perform-
ing the RDO. This will cause an unsolvable loop.

In the rate control of H.264, linear prediction of the MAD
of the current frame 1s performed using the MAD of the
previous frame. The present invention provides a new method
in the MAD calculating step, by predicting the MAD of the
current frame in the ROI sequence from the corresponding
region 1n the base sequence. The MAD prediction by linear
regression becomes:

(2)

wherein MAD_,,. »ror represents the MAD ot the current
trame inthe ROI sequence, MAD,,,.,, ;... represents the MAD
ol the corresponding region in the base sequence; and a, and
a, are parameters that are adjusted according to information
obtained 1n previous encoding processes.

FIG. 4 1s a graph of mean absolute difference (MAD)
versus Irames per second (Ips) of a CIF size and QCIF size
Forman sequence (N=300, M=1) encoded at 768 Kbps (CIF)
and 128 Kbps (QCIF) using JIMS8.4. In both sequences, only
the first frame 1s set as the intra frame. As shown 1n FIG. 4, the
MAD curves of the two sequences, which contain similar
content at different resolutions, are very similar.

Step S14:

Remaining bits are allocated to each picture type according,
to the corresponding complexity measure.

In the present invention the complexity measure calculated

by:

MAD_ ROI—4 (XMAD +a.

ciirr.base

X'=b (¥, tel PB.

where X 1s the complexity, b 1s the actual number of bits,
1s the quantization parameter, and t 1s the frame type.

In the present invention, the quantization parameter ire-
quently used 1n the conventional algorithms 1s replaced by the
quantization step size for Q 1n order to determine the com-
plexity of the frame since the quantization step size 1s the true
value used to quantize the discrete cosine transtorm (DCT)
coellicients while the quantization parameter indirectly indi-
cates the step size.

In the present invention, the remaining bits are allocated
according to the formula:

Trﬂrﬁr.{ X Xr Nr (3)

avg' 't rem

+ XP NP 4+ X5 NB

avg' ' rem avg ' rem

T ==

FER

,.IEI,P,B,

X! NI

avg ' rem
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where T, is the number of remaining bits for frame type t,
T,,..:1 the total number of remaining bits, X’ is the average

complexity for frame type t, N’ is the number of remaining
frames of type t.

Update of the average complexity X’,,, is carried out by

using the average number of bits b’,,,,, and the average quan-

tization step size of the previously encoded frames of type t

Q'step.ave- The formula is as follows:

S N !
Xavg — bavg X erfp,avg (4)

( Y f

y
{ {
N 1 NG
{ i { .
— _Wf Z b (I) X _Wr Z ergp('{) E
X . t t X . t t
L =N W] J U T iEN—wh 4 )

where b’(i) and Q’,,,,(i) are the actual number of bits and the
average quantization step size of the 1-th type t frame, respec-
tively, N’ . represents the number of coded frames of type t.
The calculation formula of the window length W’_ is as fol-
lows:

W =min{N°_,0_} (5)

where 0, 1s the upper bound of the window length.
Step 516:

Since the content 1s the same but at different resolutions,
the ROI sequence and 1ts corresponding region in the base
sequence have similar picture quality trends. The present
invention uses the distortion obtained from the base sequence
to allocate bits for the ROI sequence.

First, in order to allocate bits for the current frame so that
constant quality can be achieved, 1t 1s necessary to define the
frame complexity according to the distortion of the corre-
sponding region in the base sequence. If D’ _ (i) is the dis-

tortion of the 1-th type-t frame obtained from the correspond-
ing region of the base sequence, the frame complexity S’

base
1s defined as:

. In(Dj (NL+ 1) (6)

base — —
10D )

and

(7)

where D’, (N ‘+1) is the distortion of the current frame,
D, _ ' is the average distortion of the previous frames
obtained from the corresponding region 1n the base sequence,
and W', is the window length calculated by Equation (5). The
distortion 1s calculated using the MAD between the original
and the reconstructed pixels. After the frame complexity mea-
sure has been obtained in Equation (6), the number of bits
allocated to the current frame can be computed according to
the average bits actually produced. If the remaining number
ol bits 1s not taken into consideration, the target bit-rate con-
straint may not be satisfied. To handle the target bit-rate
constraint, the target number of bits T? can be computed by the

following equation:
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6

(8)

T =S ., X (average number of remaining bits)

t Tf-{em
— Sbase X ( N1 ]

FEN

where T represents the target number of bits.

Because the rates of the remaining bits and the used bits
should be close to the target bit rate, the average used bits can
be replaced by the average remaining bits to better constrain
the target bit rate.

Because the resolutions of the base sequence and the ROI
sequence are different, they are encoded at different quality
levels. However, Equation (8) does not take the speed of
quality change into consideration. One of the sequences may
change faster in terms of PSNR than the other one does.
Theretore, the distortion variation of more than one previous
frame 1n the ROI sequence 1s monitored.

Linear prediction of the distortion D,i) of the current
frame 1n the ROI sequence can be performed using the fol-
lowing equation:

f)}m[(f):c 1 XDpof(i=1)+c5, (9)

where D, ,(1—1) 1s the distortion of frame (1-1),and ¢, and ¢,
are parameters updated by linear regression after the current
frame is coded. Next, the adjustment factor S*,,,, for the target

bits 1s calculated as follows:

(10)

and

N1 (11)

where D,,(i) is the average distortion of W’,, previous

frames. If the predicted distortion of the current frame 1is
larger than the average distortion of previously encoded
frames, more bits are allocated to the current frame, and vice
versa.
The combined frame complexity measure for the current
frame 1s then calculated by:
S rcurren t =5 rbase

XSrR{}I (12)

g
CHPFeR

In order to prevent overflow or undertlow, S 1s lim-

ited as follows:
Sf

CLiVYent

=min{0;,max{0,,5 ., ren: ) I

(13)

where 0, and 0, are the upper limit and the lower limit of the
complexity, respectively. Finally, S°, __ in equation (8) is
replaced with S’ to calculate the target bit allocation of

CLFFEerll

the current frame:

(14)

cUrrent

TI‘
£ =St 2]

Step S18:
Next, an I frame quantization parameter and a P frame
quantization parameter of the current frame are determined.
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First, the quantization parameter for an I frame 1s calcu-
lated. Generally, the 1 frame quantization parameters are
determined by the average of quantization parameters for all
P frames 1n the previous group of picture (GOP) and the
quantization parameter of the previous I frame. Because the
scene may have changed after one GOP, 1t 1s unnecessary to
put restrictions on the difference of quantization parameters
between the two I frames of successive GOPs. Furthermore,
the I frame quantization parameter 1s usually set too small.
Although an I frame with better quality can reduce the bits
needed for encoding the following frames at the same quality,
if the I frame quantization parameter 1s set too small, the bit
budget may be overused, causing quality degradation for the
tollowing inter frames.

The step of calculating the I frame quantization parameter
ol the present invention 1s as follows:

SumPQ e (i — 1)
Np(i=1)

(15)

erfp,i ( 1) —

N;_ 16
Qpi(l) — erfp to QP(erfp,i(l)) —min{l,, 1_51}:- ( )

where Q,,,, ,(1)1s the quantization step size of the first I frame
in the 1-th GOP, SumPQ . (1-1)1s the sum of the quantization
step sizes ot all P frames in the previous GOP, and Q,,,toQP
(.) 1s the function of converting a quantization step size to a
quantization parameter. From Equation (16), the maximum
adjustment value 1s 1 to prevent I frame from overusing the
allocated bits. Moreover, a smaller adjustment value can more
casily maintain the uniformity of image quality.

It should be noted that the quantization step sizes, instead
ol quantization parameters are used to determine the quanti-
zation parameter.

Secondly, the quantization parameter of a P frame 1s cal-
culated. The P frame quantization parameter has to simulta-
neously refer to three different quantization parameters:

Qdismﬂ‘iﬂﬂﬂ QCBR Ellld Qcﬂﬂsz‘aﬂz‘ ds fOHOWS:

Q.:': LY eEn f:mi]fl (fo istortion? QCEJH stant QCB‘R) ( 1 7)

where Q .., 1s a quantization parameter computed according
to a constant bit rate (CBR) rate control algorithm, Q ...
1s a distortion-based quantization parameter computed by a
quadratic model with the target bits allocated according to the
distortion of the base sequence and the ROI sequence. The
calculation of Q 1s as follows:

COFISTart

(18)

TP NP

Fem Fem

XP
Qconstant = erfp to QF{ i ]

i
where X°

using the quantization step size, and T,
been calculated out 1n Steps S14 and S16.
These three quantization parameters have different pur-
poses. Q ... 1s calculated for the purpose of ensuring the
current frame has the same quality as the average quality of
previous Irames. Q__ . produces an almost constant quan-
tization parameter to eliminate quality fluctuation. Q55 1S
chosen 1nstead of other values so that the output quality level
can match the changing of the scene activity. When the scene
changes from a high activity scene to a low activity scene, the
quantization parameter selection mechanism will automati-

1s the average complexity that 1s calculated by
and N have
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cally choose Q5 to replace other values 1n order to make the
output quality level and the variation of scene activity more
compatible.

FIG. 5 1s a graph of PSNR versus frames per second (Ips)
for an ROI sequence and a base sequence from a low-activity
scene (high PSNR) to a high-activity scene (low PSNR). The
dashed line 1n FIG. 5 represents an ROI sequence encoded
using a CBR rate control algorithm. Because of the fixed
channel bandwidth limit, the image quality will drop
abruptly. The quantization parameter Q. . can be used to
solve this problem of abrupt drop of image quality 1n order to
make the variation of PSNR more gradual, as the thick line in
FIG. § shows. Therefore, the above algorithm can be used to
select the quantization parameter, which 1s then used to
achieve the objective of rate-distortion optimized motion esti-
mation.

Although the present mvention has been described with
reference to the preferred embodiment thereof, 1t will be
understood that the invention 1s not limited to the details
thereof. Various substitutions and modifications have been
suggested in the foregoing description, and other will occur to
those of ordinary skill 1n the art. Therefore, all such substitu-
tions and modifications are mtended to be embraced within
the scope of the invention as defined in the appended claims.

What 1s claimed 1s:

1. A constant-quality rate control system comprising:

a base encoder for encoding a down-sampled version of a
video sequence 1nto a base video sequence and output-
ting the base video sequence to a multiplexer;

a region ol 1terest (ROI) detector for extracting an ROI
video sequence from the video sequence;

at least one ROI encoder for encoding the ROI video
sequence and outputting the ROI video sequence to the
multiplexer, the at least one ROI encoder using informa-
tion obtained during the process of encoding the down-
sampled version of the video sequence into the base
video sequence to improve the encoding of the ROI
video sequence.

2. The constant-quality rate control system of claim 1,
where the information 1s used to estimate how many bits are
needed for a frame 1n the ROI video sequence to achieve
constant quality.

3. The constant-quality rate control system of claim 1, the
information comprising data related to a region in the base
video sequence corresponding to a current frame 1n the ROI
video sequence.

4. The constant-quality rate control system of claim 1,
where the ROI video sequence 1s encoded at a resolution
equal to the video sequence.

5. A constant-quality rate control method for a region of
interest sequence 1n a video sequence comprising:

determining an 1nitial quantization parameter and extract-
ing the region of interest sequence from the video
sequence according to the imitial quantization param-
cler,

predicting a mean absolute difference of a current frame of
the region of interest sequence;

estimating how many bits are remaining in the current
frame:

allocating bits for the current frame; and

determining I frame and P frame quantization parameters;

where the mean absolute difference of the current frame 1s
predicted by data from a corresponding region 1n a
down-sampled version of the video sequence.

6. The constant-quality rate control method of claim 3,

where the 1nitial quantization parameter 1s selected according,
to an encoding setting.
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7. The constant-quality rate control method of claim 5,
where the remaining bits are allocated according to a corre-
sponding complexity measure.

8. The constant-quality rate control method of claim 5,
where the remaining bits are allocated by defining a frame
complexity measure according to distortion of a correspond-
ing region in a down-sampled version of the video sequence.

9. A constant-quality rate control method for a video
sequence comprising:

using a region of interest detector to extract a region of

interest sequence from the video sequence;
using a region of interest encoder to predict a mean abso-
lute difference (MAD) of a current frame 1n the region of
interest sequence based on a MAD of a corresponding
frame 1n a down-sampled version of the video sequence;

estimating a number of remaining bits of the current frame
according to complexity of the current frame;

calculating a current complexity of the current frame and
calculating a target bit number required by the current
frame based on an average number of the remaining bits
and the current complexity in order to make quality of
the current frame similar to that of an immediately pre-
vious frame; and

defimng an I frame quantization parameter and a P frame

quantization parameter based on the current complexity
and the target bit number in order to make bit rate of the
video sequence constant.

10. The constant-quality rate control method for a video
sequence of claim 9, where an 1nitial quantization parameter
1s selected according to an encoding setting.

11. The constant-quality rate control method for a video
sequence of claim 9, where the MAD 1s predicted for each
frame of the region of interest sequence.

12. The constant-quality rate control method for a video
sequence of claim 9, where the MAD 1s used to calculate a
rate-distortion optimization (RDO) of the region of interest
sequence.

10

15

20

25

30

35

10

13. The constant-quality rate control method for a video
sequence of claim 9, where information such as MAD and
distortion obtained by encoding 1s sent to the region of inter-
est encoder after the video sequence 1s encoded by a base
encoder.

14. The constant-quality rate control method for a video
sequence of claim 9, where the target bit number 1s a number
of bits allocated to the current frame 1n the region of interest
sequence.

15. The constant-quality rate control method for a video
sequence of claim 9, where complexity of the current frame of
the region of interest sequence 1s calculated based on distor-
tion of a corresponding frame in a down-sampled version of
the video sequence.

16. The constant-quality rate control method for a video
sequence of claim 9, where quantization step sizes are used to
determine the I frame and P frame quantization parameters.

17. The constant-quality rate control method for a video
sequence of claim 9, where the P frame quantization param-
cter 1s least among a distortion parameter, a constant bit-rate
quantization parameter, and a constant parameter.

18. The constant-quality rate control method for a video
sequence of claim 17, wherein the distortion parameter 1s
determined according to a previous frame quality and distor-
tion of a base sequence.

19. The constant-quality rate control method for a video
sequence of claim 17, where the constant bit-rate quantization
parameter 1s calculated using a CBR rate control algorithm.

20. A constant-quality rate control method comprising;:

down-sampling a video frame to a lower resolution;

encoding the down-sampled frame to a base frame;
extracting a region of interest frame from the video frame;
and

encoding the region of interest frame using information

obtained during the process of encoding the down-
sampled frame to the base frame.
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